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SECTION  1 
INTRODUCTION 


Angle-of-arr ival  (AOA)  fluctuations  from  propagation  through  a 
nuclear  dust  cloud  pedestal  can  potentially  degrade  the  tracking  precision 
of  a  sight  defense  radar  (SDR).  This  note  discusses  the  applicability  of 
various  techniques  for  mitigating  this  effect.  The  emphasis  taken  here  is 
to  estimate  their  theoretical  effectiveness,  although  comments  regarding 
feasibility  are  also  made. 
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SECTION  2 
BACKGROUND 


AOA  jitter  is  caused  by  turbulence-induced  index  of  refraction 
fluctuations  along  the  dust  cloud  propagation  path.  The  magnitude  of  the 
jitter  may  be  specified  by  the  standard  deviation  (oa)  of  its  amplitude 
distribution.  For  our  purposes  aa  does  not  represent  the  AOA  fluctua¬ 
tions  on  the  received  wavefront  directly,  but  instead  refers  to  the  AOA 
jitter  measured  by  an  antenna  which  intercepts  some  portion  of  the  fluc¬ 
tuating  wavefront.  As  a  result,  the  effects  of  a  finite  antenna  aperture 
size  are  always  included  when  referring  to  aa-  The  nominal  antenna 
diameter  assumed  is  2  meters. 

Predictions  for  0a  have  been  made  by  this  author  (Reference  1) 
and  others.  aa  has  been  found  to  be  directly  proportional  to  the 
integrated  mass  of  dust  along  the  radar  sight  path  and  this  quantity  is 
largely  unknown.  Uncertainty  in  our  knowledge  of  the  dust  turbulence 
structure  and  its  material  properties  have  led  to  additional  but  smaller 
variations  in  the  predictions.  Unfortunately,  there  is  insufficient 
experimental  data  to  allow  accurate  forecasts  of  the  nuclear  dust  cloud 
pedestal  environment.  Since  the  radar  propagation  effects  depend  entirely 
on  the  dust  cloud  environment,  inaccuracies  result  in  predicting  the 
propagation  effects.  However,  for  many  situations,  using  nominal  values 
for  the  amount  of  material  lofted,  0a  has  been  found  to  be  large  enough 
to  potentially  degrade  radar  performance. 
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There  are  various  means  by  which  the  loss  in  tracking  precision 
caused  by  nuclear  pedestal  cloud  AOA  jitter  may  be  at  least  partially 
mitigated.  The  techniques  we  will  consider  are  listed  below. 

•  Pulse  integration 

•  Frequency  agility 

•  Antenna  size  increases 

•  Command  guidance 

•  Range  tri angulation 

While  the  above  list  is  incomplete,  it  is  thought  to  include 
those  techniques  with  the  most  practical  importance. 
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SECTION  3 

DISCUSSION  OF  MITIGATION  TECHNIQUES 


PULSE  INTEGRATION 

Integrating  or  averaging  the  recorded  AOA  samples  over  time  is  a 

conventional  method  to  reduce  the  effect  of  jitter  on  an  estimation  of  the 

mean  AOA.  For  N  independent  samples,  the  standard  deviation  in  estimating 

the  mean  AOA  (o_)  is  related  to  the  standard  deviation  in  the  raw  AOA  (0  ) 
«  a 


o  =  a  /  /N  ( 1 ) 

a  « 

With  N  made  sufficiently  large,  g_  may  be  made  as  small  as  desired.  Of 

a 

course,  in  any  real  system  the  samples  would  undergo  some  form  of  low  pass 
filtering,  but  for  our  analysis  this  is  equivalent  to  averaging  a  finite 
number  of  samples. 

Several  factors  are  seen  to  limit  the  increased  tracking  preci¬ 
sion  attainable  for  SDR  applications  through  this  technique.  The  radar 
system  must  be  capable  of  recording  and  processing  sufficient  samples  in 
the  available  tracking  time.  Since  present  radar  concepts  allow  for  the 
ability  to  meet  such  a  requirement,  this  is  not  seen  to  seriously  impact 
the  feasibility  unless  the  necessary  decrease  in  the  raw  jitter  becomes 
excessive. 
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A  second  consideration  is  that  of  sampling  independence.  The 
reduction  in  0_  predicted  by  Equation  1  is  valid  only  when  the  N  samples 
are  uncorrelated.  As  a  means  of  addressing  this  subject,  calculations 
were  made  to  predict  the  temporal  response  of  the  AOA  jitter.  Following 
Reference  2,  the  normalized  frequency  spectrum  of  the  AOA  fluctuations  is 
given  by 


Vf> 


sin2( nDf/V) 

f«/3 

2nfLQ 


where 


antenna  diameter 
frequency 

outer  scale  of  turbulence 

mean  flow  velocity  of  dust  perpendicular  to  the  radar1 
1  ine  of  s ight 

a  normal ization  constant  chosen  such  that 

oo 

/  W  (f)  df  =  1  .  (3) 

J  Ct 


Here  it  was  assumed  that  to  first  order  the  time  behavior  could  be  ob¬ 
tained  by  Taylor's  frozen  flow  hypothesis.  In  this  approximation,  the 
main  contribution  to  the  change  in  the  radar  propagation  path  with  time  is 
due  to  the  mean  dust  flow  velocity  perpendicular  to  the  radar  sight  path. 
The  additional  assumptions  were  made  of  plane  wave  propagation  through  a 
homogeneous  layer  of  turbulence  having  a  Kolmogorov  distribution. 


Figure  1  shows  the  frequency  spectrum  predicted  by  Equation  2 
where  the  values  of  V  chosen  reflect  those  thought  to  be  reasonable  lim¬ 
its  for  proposed  radar  operation  in  a  nuclear  dust  cloud.  V=300  meters/ 
second  roughly  corresponds  to  the  peak  particle  velocity  generated  for  a 
shock  wave  peak  overpressure  of  about  30  psi.  V=30  meters/second  would  be 
representative  of  velocities  expected  after  passage  of  the  blast  wave 
overpressure  positive  phase. 

The  time  autocorrelation  of  the  AOA  fluctuations  is  obtained  by 
taking  the  Fourier  transform  of  their  frequency  spectrum.  Figure  2  shows 
the  autocorrelation  of  the  AOA  fluctuations  predicted  by  transforming  the 
frequency  spectra  of  Figure  2.  It  is  seen  that  they  are  approximately 
gaussian  in  shape,  with  standard  deviations  oT  *  .04,  .004  seconds  for 
V=30  and  300  meters/second,  respectively. 

Using  these  decorrelation  times  we  may  comment  on  the  radar 
sampling  rates  allowable  that  would  guarantee  sampling  independence.  For 
a  gaussian  autocorrelation  with  standard  deviation  oT,  the  necessary 
time  interval  for  sampling  independence  (Tj)  is  given  by 

T  j  »  /2  it  a  ( 4 ) 

Sampling  at  a  more  rapid  rate  gives  practically  no  new  information  and  no 
improvement  on  a  true  estimate  of  the  mean  (see  Reference  3).  From  Equa¬ 
tion  4  Tj«.l,  .01  seconds  for  the  cases  V=30,  300  meters/second  respec¬ 
tively.  These  sampling  intervals  fall  within  the  interesting  range  of 
sampling  times  under  consideration  for  proposed  SDR  operation. 

We  conclude  that  the  subject  of  sampling  independence  should  be 
carefully  considered  when  assessing  the  reduction  in  angle  errors  achiev¬ 
able  through  the  use  of  pulse  integration. 
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Figure  2.  Autocorrelation  of  angle-of-arrival  fluctuations  for  a  2  meter 
diameter  antenna.  (Assumes  Kolmogorov  turbulence  with  an  outer 
scale  of  10  meters.) 


FREQUENCY  AGILITY 


A  frequency  aqile  radar  performs  multiple  frequency  RF  transmis¬ 
sions  during  a  single  look  at  a  target.  When  the  frequency  steps  result 
in  AOA  returns  which  are  uncorrelated,  averaging  them  will  allow  the 
equivalent  reduction  in  jitter  as  is  achievable  through  pulse  integration 
of  this  number  of  independent  samples  recorded  over  time.  The  merits  of 
frquency  diversity  may  be  evaluated  by  estimating  the  correlation  between 
the  AOA  of  two  wavefronts  receiveG  simultaneously  after  propagating  along 
the  same  sight  path  at  different  RF  frequencies. 

Figure  3  shows  the  perturbation  in  the  arrival  angle  of  a 
received  wavefront  after  propagating  a  distance  L  through  a  dust  layer. 
King  the  simple  phase  interferometer  shown  to  model  the  antenna  angle 
estimator,  the  AOA  is  given  in  the  small  angle  approximation  to  be 

«  -  ~  •  S(L,y)  -  f( L , v+0)  ;  (51 

2uD 

where  y  is  the  coordinate  transverse  to  the  propagation  direction  and 
.❖(L  »>•)-■:  (!.,  vK'.  is  the  difference  in  phase  measur'd  by  the  interfero¬ 
meter  of  size  D. 

A  useful  simplification  for  calculating  the  phase  difference  is 
to  apply  geometrical  optics  methods.  This  may  tie  justified  by  noting  that 
diffraction  effects  have  been  found  to  have  very  little  impact  on  predic¬ 
tions  for  phase  front  perturbations  when  the  propagation  path  length  L  is 
such  that  (see  Reference  4) 

L  AV?/x  (6  ) 


1  1 


IMUtitiiM 


PLANE  WAVE  INCIDENT 


DUST  LAYER 


PHASE  FRONT  AFTER  TRAVERSING 
DUST  LAYER 


4>  ( L  ,y+D) 


a  “  U(L>y)  '  *(L>Y+D)) 


Figure  3.  Estimation  of  the  angle-of -arrival  by  a  phase  interferometer 
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where  x  is  the  RF  wavelength,  and  Ay  is  the  distance  perpendicular  to  the 
mean  phase  front  over  which  phase  differences  are  measured.  For  an  AOA 
measurement.  Ay  becomes  the  antenna  diameter  D.  Using  the  nominal  antenna 
diameter  of  2  meters  and  an  RF  wavelength  of  3  cm,  we  see  that  geometrical 
optics  techniques  are  applicable  for  path  lengths  of  about  130  meters  or 
less,  and  this  distance  is  comparable  to  the  longest  path  lengths  of 
interest. 


In  the  geometrical  optics  approximat ion  and  for  plane  wave 
propagation  in  the  x  direction,  the  phase  difference  is  given  by 

o  L 

<f>(L,y)  -<f>(L,y+D)  =  -JL  /  (njx.y)  -  nJx.y+D)  )dx  (7) 

o 

where  the  integration  traverses  the  pedestal  cloud  along  parallel  rays 
spaced  a  distance  0  apart.  nm(x,y)  and  nm(x,y+D)  are  the  indices  of 
refraction  of  the  pedestal  cloud  medium  at  positions  along  the  parallel 
rays. 


On  substitution  of  Equation  7  into  Equation  5  we  obtain 
i  L 

«  =  -  /  (nm(x,y)  -  nm(x,y+D)  )dx  (8) 

0  o 

and  the  AOA  is  seen  to  not  depend  on  RF  frequency  except  through  possible 
frequency  dispersion  of  the  medium. 

The  frequency  dispersion  of  the  mediun  may  be  obtained  as  a 
function  of  the  properties  of  the  bulk  material  lofted  into  the  pedestal 
cloud  through  the  Cl aus ius-Mossott i  formula  (see  Reference  5) 


Jl 
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•n  =  1  +  i^Re 
m  2  Pb 


V^2-1 

nb(F)2+2 


(9) 


where 

Pm  =  mass  density  of  the  pedestal  cloud  medium 

=  mass  density  of  the  bulk  material 

n. (F)  =  complex  index  of  refraction  of  the  bulk  material  as  a 
function  of  RF  frequency. 


Using  Equation  9  to  substitute  for  (nm(x,y)  -  nm(x,y+D)j  in  Equation  8 
we  obtain 


a 


3 

2°bD 


Re 


nb(F)M 


nb(F)2+2 


/  [Pm(x*y) 

o 


Pm(x,y+D)  Idx 


(10) 


and  the  effect  of  RF  frequency  variation  may  be  expressed  simply  as 


a  =  Re 


nb(F)M 
n  b ( F ) 2+2 


(ID 


In  Table  1  we  list  the  bulk  indices  of  refraction  for  represen¬ 
tative  materials  of  interest  at  UHF  and  X-band  and  the  resultant  variation 
in  AOA  predicted  by  Equation  11.  It  is  observed  in  Table  1  that  the  vari¬ 
ation  in  AOA  with  frequency  is  small  for  each  of  the  materials  considered. 
For  the  approximate  decade  frequency  change  from  UHF  to  X-band  there  is  a 
maximum  variation  of  about  15%  in  the  AOA.  Therefore  we  expect  that  the 
frequency  dependence  of  the  AOA  for  a  dust  cloud  consisting  of  a  mixture 
of  these  materials  would  be  small  also. 
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Table  1.  Variation  in  AOA  predicted  by  Equation  11. 


Mater i al 

nb(F) 

a  “  Re 

nb(F)2_l  " 
nb(Fp^2 

-< 

Reference 

Sand  (UHF ) 

2.2  -  .090 j 

.56 

6 

Sand  (X-band) 

2.0  -  .035 j 

.49 

6 

Caliche  (UFH) 

2.5  -  . 1 33 j 

.64 

6 

Caliche  (X-band) 

2.2  -  . 043 j 

.56 

6 

Water  (UHF) 

8.8  -  .  120 j 

.96 

7 

Water  (X-band) 

7.5  -  2 . 300 j 

.96 

7 

The  results  of  this  section  may  be  summarized  as  follows:  In 
considering  the  effects  of  RF  frequency  variations,  we  first  observe  that 
for  the  propagation  path  lengths  and  antenna  size  of  interest,  diffract  ion 
effects  can  be  neglected.  Then,  using  geometrical  optics  theory  we  show 
that  the  remaining  RF  frequency  varation  is  due  to  the  frequency  disper¬ 
sion  properties  of  the  medium,  and  this  effect  is  also  found  to  be  very 
small.  As  a  result,  we  predict  very  little  decorrelation  in  the  AOA  within 
the  RF  frequency  ranges  of  interest.  Thus,  we  do  not  expect  that  frequency 
agility  will  be  an  effective  mitigation  technique. 

ANTENNA  SIZE 

Increasing  the  size  of  an  antenna  has  been  shown  to  reduce  the 
level  of  jitter  on  the  antenna's  AOA  estimate  (Reference  8).  The  mechanism 
responsible  for  this  reduction  is  the  antenna  aperture  averaging  of  tin- 
received  phase  front. 

Calculations  were  performed  to  evaluate  the  dependence  of  0 
on  antenna  size.  The  results  are  shown  in  Figure  4.  The  formulation 
described  in  Reference  1  was  utilized  to  make  these  calculations.  The 


IS 


a/MRAD ) 


Figure  4.  RMS  angle-of-arr ival  fluctuations  vs  antenna  diameter. 

(Assumes  Kolmogorov  spectrum  with  an  outer  scale  of  10 
meters.) 
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pedestal  cloud  dust  density  assumed  here  represents  an  environment  where  2 
centimeters  of  scoured  caliche  have  been  distributed  vertically  with  an 
exponential  scale  height  of  6  meters.  A  Kolmogorov  turbulence  spectrum 
with  an  outer  scale  of  10  meters  has  also  been  assumed.  Antenna  diameter 
variations  of  from  2  to  20  meters  for  target  elevations  of  15  and  35 
degrees  are  considered.  The  important  trend  borne  out  is  that  AOA  jitter 
decreases  very  slowly  with  increasing  antenna  size.  It  is  seen  that  doub¬ 
ling  the  antenna  diameter  from  the  nominal  2  meters  to  4  meters  achieves 
less  than  a  15  percent  reduction  in  0q(,  such  a  small  reduction  being 
insignificant  compared  to  uncertainties  in  knowing  the  dust  environment. 
Portability,  survivability,  and  cost  put  obvious  constraints  on  the  maxi¬ 
mum  allowable  antenna  size  whereas  it  is  suggested  by  Figure  4  that  it 
would  take  a  very  large  antenna  to  achieve  substantial  reductions  in  oa. 

We  conclude  here  that  mitigation  of  AOA  effects  by  merely  in¬ 
creasing  antenna  size  is  not  feasible. 

COMMAND  GUIDANCE 

The  location  of  the  SDR  and  interceptor  launch  point  relative  to 
a  "keep-out"  zone  which  they  are  to  defend  may  impact  the  effect  of  AOA 
errors  on  miss  distance  when  command  guidance  is  used.  Referring  to 
Figure  5,  locating  the  SDR  and  interceptor  launch  point  in  the  vicinity  of 
their  defended  "keep-out"  zone  results  in  trajectories  where  the  angular 
deviation  between  target  and  interceptor  tends  to  be  small  during  a  sig¬ 
nificant  fraction  of  the  interceptor's  flight.  For  this  part  of  the 
flight,  the  AOA  jitter  on  the  target  echoes  will  be  correlated  with  the 
AOA  jitter  associated  with  tracking  of  the  interceptor,  since  the  returned 
signals  from  each  will  traverse  nearly  identical  paths  through  the  pedes¬ 
tal  cloud.  Then,  if  the  guidance  commands  to  the  interceptor  are  propor¬ 
tional  to  the  angular  separation  between  the  target  and  interceptor,  the 
AOA  jitter  on  the  two  angle  estimates  would  be  removed  through  subtraction 


Figure  5.  Conmand  guidance. 
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when  constructing  the  guidance  signals.  This  implies  that  there  is  a 
possible  advantage  in  choice  of  siting  for  the  SDR  and  interceptor  that 
would  encourage  a  line  of  sight  type  interception  geometry. 

It  is  desirable  to  estimate  the  angular  alignment  necessary  for 
this  effect  to  be  significant.  This  may  be  indicated  by  calculating  the 
correlation  between  the  fluctuating  part  of  the  AOA  for  the  returned 
siqnals  from  two  targets  as  a  function  of  their  angular  separation.  As  a 
simplification  we  once  again  apply  results  from  geometrical  optics  theory 
which  we  have  previously  shown  to  be  applicable. 


From  Reference  2,  the  correlation  of  the  AOA  jitter  for  the  com¬ 
ponent  of  the  jitter  in  the  direction  of  the  targets'  angular  separation 
may  he  expressed  as 


R(a) 


3_  (l+x)8/ 3  -  (1-x) 8/ 3  -  ?x8/ 3 
16  x 


■;i?j 


R(9)  =  i_  U+x)8/3  +  (x-l)8/j  -  2x_8^ 

16  x 

where 

x  =  tan( e/2) 

L  =  dust  cloud  propagation  path  length 
D  =  antenna  diameter 
6  =  angular  separation  of  the  targets. 


(13) 


(14) 


The  additional  assumption  of  a  Kolmogorov  dust  cloud  tu*-bu lent e  spectrum 
has  been  made.  The  correlation  has  been  normalized  to  lie  unity  for  zero 
angular  separation. 
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Figure  6  shows  the  correlation  predicted  by  Equations  12  and  13 
as  a  function  of  e  for  several  propagation  path  lengths  and  an  antenna 
diameter  of  2  meters.  It  is  seen  that  there  is  still  a  high  ( °85%)  corre¬ 
lation  in  the  AOA  jitter  for  an  angular  separation  of  10  degrees  for  the 
10  meter  path,  and  a  moderate  (-403O  correlation  at  10  degrees  for  the  100 
meter  path.  This  implies  that  significant  reductions  in  the  AOA  jitter- 
caused  guidance  errors  could  be  made  for  target  and  interceptor  line  of 
sight  separations  under  10  degrees.  It  is  also  seen  that  the  predicted 
correlation  increases  quickly  with  decreasing  e  so  that  even  larger  reduc¬ 
tions  in  AOA  jitter-caused  guidance  errors  would  be  possible  if  the  angu¬ 
lar  separations  were  expected  to  be  much  smaller  than  10  degrees. 

The  rather  high  correlations  result  from  the  fact  that  the 
pedestal  dust  cloud  is  by  nature  of  low  height  leading  to  short  propaga¬ 
tion  paths.  Accounting  for  the  uncertainty  in  current  knowledge  of  the 
dust  density  scale  heights  of  a  nuclear  dust  cloud  pedestal,  scale  heights 
under  10  meters  are  possible.  If  a  scale  height  under  10  meters  is  appli¬ 
cable  this  would  also  lead  to  higher  predicted  correlations.  Correspond¬ 
ingly,  path  lengths  longer  than  100  meters  would  decorrelate  faster  with 
increasing  target  separation. 

A  further  remark  concerning  these  predictions  is  that  they  apply 
for  comparison  of  simultaneous  returns  from  the  two  separated  targets. 
The  time  delay  in  sampling  which  can  be  safely  allowed  before  there  would 
be  a  reduction  in  the  predicted  correlation  can  be  estimated  by  referring 
back  to  Figure  2. 

The  practicality  of  this  geometry-sensitive  technique  depends  on 
many  factors.  One  consideration  is  how  closely  the  interceptor's  trajec¬ 
tory  would  actually  follow  the  radar's  line  of  sight  to  the  target  for 
this  type  of  engagement.  Assuming  close  alignment  during  say  the  last  half 
of  the  interceptor's  flight,  then  the  effect  of  giving  correct  guidance 
over  this  time  only  must  be  assessed  as  to  its  impact  on  miss  distance. 
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CORRELATION  OF  AO  A  JITTER 


ANGULAR  SEPARATION  OF  THE  TARGETS  (DEGREES) 


Figure  6.  Correlation  between  AOA  jitter  for  two  separate  targets  as  a 
function  of  their  angular  separation  for  propagation  path 
lengths  of  in,  30  and  100  Meters. 
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There  is  also  a  possible  degradation  in  the  operating  environment  for  the 
SDR  when  located  close  to  the  zone  it  is  to  defend.  We  will  not  pursue 
these  questions  here. 

RANGE  TR I ANGULATION 


The  use  of  netted  monostatic  radars  to  determine  target  direc¬ 
tion  using  range-only  data  has  been  suggested  (Reference  9)  as  a  possible 
alternative  to  conventional  methods  utilizing  a  single  radar  to  sample  tne 
phase  of  the  returned  wave  front.  The  advantage  of  this  technique  is  that 
range  measurement  inaccuracies  from  propagation  through  a  pedestal  dust 
cloud  can  be  shown  to  be  completely  negligible.  This  implies  that  the 
angle  errors  from  dust  cloud  propagation  effects  would  be  small  compared 
to  the  nominal  angle  resolution  of  a  range  trianqulation  system. 

The  design  requirements  for  such  a  system  to  perform  precision 
angle  tracking  must  be  evaluated  in  order  to  assess  its  feasibility.  Tar¬ 
get  location  in  3  dimensions  requires  a  mininuin  of  3  ranqe  measurements, 
commonly  referred  to  as  tr i  1 aterat ion.  A  treatment  of  the  location  accur¬ 
acy  for  this  general  case  is  given  by  Skolnik  in  Reference  10. 

As  a  simplification,  we  assess  the  angle  sensing  resolution 
afforded  by  a  single  pair  of  radars.  Referring  to  Figure  7,  the  radar 
ground  spacing  is  Xg  and  the  range  estimates  R,  and  R.  are  compared  to 
find  the  target  elevation  angle  (p)  which  is  measured  relative  to  the 
baseline  connecting  the  radars.  Then  for  a  range  measurement  error  aR, 
the  error  in  estimating  p  is  approximately  equal  to 


AP 


aR 

XgS  inp 


(15) 


when  the  target  range  is  much  larger  than  Xg. 
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Figure  7.  Range  tri angulation. 
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Assuming  the  nominal  range  error  is  5  meters,  then  for  a  target 
elevation  of  90°,  Equation  15  predicts  a  required  ground  spacing  of  5 
kilometers  to  achieve  milliradian  angle  accuracy.  For  milliradian  angle 
accuracy  at  15°  target  elevation  the  required  spacing  increases  to  about 
20  kilometers.  These  examples  show  that  quite  large  spacings  are  required 
to  attain  milliradian  angle  accuracy  for  5  meters  of  range  error.  If 
greater  range  accuracy  is  attainable,  the  necessary  spacing  will  scale 
down  accordingly. 

The  main  drawback  to  the  feasibility  of  such  a  system  is  the 
necessity  to  maintain  data  communication  links  between  the  various  radars 
and  a  data  processing  center.  These  communications  links  are  a  source  of 
increased  system  complexity,  cost,  and  vulnerability  not  present  in  the 
single  monostatic  case. 
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SECTION  4 
CONCLUSIONS 


AOA  jitter  from  radar  propagation  through  a  nuclear  dust  cloud 
pedestal  has  previously  been  identified  to  be  a  potential  source  of  degra¬ 
dation  for  operation  of  a  SOR.  A  limited  list  of  mitigation  techniques 
has  been  evaluated.  Key  results  from  this  analysis  may  be  summarized  as 
fol lows: 


•  Predictions  for  reducing  jitter  through  pulse  integration  should 
take  account  of  the  time  correlation  of  the  fluctuating  AOA 
samples.  Maximum  sampling  rates  which  would  provide  independence 
are  estimated  to  be  in  the  10  to  100  Hz  range. 

•  Frequency  agility  has  been  found  to  be  quite  ineffective  as  a 
means  to  generate  independent  AOA  estimates. 

•  Increasing  the  antenna  size  is  an  ineffective  means  of  reducing 
jitter. 

•  A  method  for  reducing  the  impact  of  AOA  jitter  on  miss  distance 
has  been  identified  for  command  guidance  applications.  The 
effectiveness  is  dependent  on  interception  geometries  that  main¬ 
tain  a  small  angular  separation  between  target  and  interceptor. 
Judicious  siting  of  the  SDR  and  interceptor  launch  points  could 
encourage  favorable  interception  geometries. 

•  Using  several  radars  to  perform  direction  finding  through  range 
measurements  alone  would  entirely  remove  the  effects  of  pedestal 
cloud  AOA  jitter.  However,  very  large  distances  (=>  10  km)  be¬ 
tween  the  radars  would  be  required  to  attain  reasonable  angle 
tracking  precision.  The  necessity  to  maintain  data  communication 
links  over  these  distances  would  increase  the  vulnerability  of 
the  system  to  a  stress  environment. 
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In;. 

ATTN 


D.  Miu'On 


Institute  for  Defense  Analyses 


ATTN 

ATTN 

ATTN 

ATTN 


c  .  baoer 
H.  Wolfhard 
J.  Aein 
H  .  Gd  *  *1  . 


t. OS  T hnoloyi*a> 

,  Inc 

ATTN;  li. 

Gabbard 

AT  T\  r: 

Garbi  1 1 

ATTN :  DA' 

I A  „ 

LSI  ,  i i\ 

ATTN-  J. 

Devo»*j 

ATTN:  R . 

Ibaraki 

ATT*.  ;  A  . 

t  r.,i  ;jp 

ATTN:  R . 

net  kman 

ATTN:  *  . 

.  "wrirt: 

ATTN :  J 

L  ervi.d  u 

ATTN:  A. 

M  Nana r a 

ATTN :  t  . 

T-,ji 

ATTN:  J. 

Mar-.hd  1 1 

Uttar.  S, 

;  ml 

ATTN  ;  p. 

/ i: in«  r 

General  Fle.trii 

U; 

A  TTN  :  v-  . 

Cierdt 

C‘v  *  ’  i'i'.)  Mi  . .  j  j# 

s  Spa- 

ATTN:  A. 

S  *  »•  i  n:nd  ye  r 

ATTN:  P. 

Sea  r 

ATTN:  J. 

'inner 

General  t. lectrii 

Co 

ATTN:  G. 

Mil  Iman 

..Oc"  Mi  silo.  N  Spdu 

AT  Vi:  C  . 

Old 

General  Nesoarct 

Corp 

ATTN:  D. 

r,i  1 

ATTN:  3. 

bonne tt 

ATTN:  Dept  60-12 

Geo-C'-nters ,  In*. 

MIT  Lincoln  La:: 

AT  1 N :  l  . 

Marram 

ATTN;  P. 

Towle 

Harris  Corn 

MA/COM  l.  inhabit 

Inc 

ATTN  :  L  . 

Kr.ick 

ATTN;  r . 

Van  Tree 

ATTN:  A. 

.  'ter:  i 

Honeywell  ,  Inc 

ATTN;  I. 

Jd(  o: 

ATTN:  G. 

Coll >er.  Avion i.  ,  Dept 

ATTN:  j . 

Terry,  Avionics  Dept 

Magna vo*  Govt  % 

I  ndu  *  ) 

ATTN:  G.  White 

Martin  Marietta  inp 
ATTN;  R.  M,.f  .. 

M<  Dent- I  '  Dt'iujl a-.  C-.ii  r 


ATTN; 

W.  oi 

Corp 

ATTN : 

r‘  i  1'  L  ibr.ir 

ATTN: 

:f.  ijlandor 

AT  IN; 

P .  Halprin 

ATTN  : 

H.  Spitrer 

Meteor  Communications  Corp 
ATTN:  R.  Loader 

Mis-. ion  Resea  ri. h  Corp 


ATTN 

P  .  Jr  j  i  i 

Internal  iona 1 

Tel  A  Tel  Corn 

ATTN 

P.  Mi;. 

ATTN  : 

Tech  Library 

ATTN 

F  .  n„er. 

ATTN 

R  .  Li  i  go  n  i 

International 

Tel  A  Tel  Corp 

ATTN 

G .  Me  C  a  r  t  o  r 

ATT:  1: 

C.  We  .‘.more 

ATTN 

F  .  Go  i  :j )  i  a  no 

b  cy 

ATTN 

Te<  h  Library  ( Do<.  To 

JAYCOR 

ATTN 

S.  Got.*:  he 

ATT  N: 

J.  Sperling 

ATTN 

R.  tiog.i  .ch 

4  cy 

ATTN 

C  .  Laaer 

JAYCOR 

ATTN: 

J.  Doncarlos 

M  i 4  re 

Corp 

ATTN 

A.  Kyramel 

Johns 

Hopk  ins 

Uni versi t / 

ATTN 

J  .  Adams 

ATTN ; 

J.  Newland 

ATTN 

C.  Harding 

ATTN  : 

T.  Evans 

ATTN 

C.  Cillahae 

ATEN: 

P  .  r  omi ske 

ATTN 

MS  J1J4/M.  R.  *osp 

ATTN: 

J .  Phillip. 

Mi  tro 

Corp 

Kaman 

Sc ienci 

corp 

ATTN 

U  .  Ha  1 1 

ATTN: 

T.  s’nphens 

ATTN 

M.  Ho r rocks 

ATTN 

W.  Foster 

ATTN 

J.  Wheelpr 
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;'ae  i  fu  -Sierra  Research  Corp 


ATTN: 

r. 

Thomas 

ATTN: 

E  . 

Field,  Jr 

ATTN: 

►* . 

Brode,  Chairman  SAGE 

Pennsylvania  State  University 

ATTN:  Ionospheric  Research  Lab 

Photometries,  Inc 

ATTN  :  I  .  kofsky 

Physical  Dynamics,  Inc 
ATTN:  E.  Fremouw 

Physical  Research,  Inc 

ATTN :  R .  Del i per  is 

R&D  Associates 

ATTN:  R.  Lelevier 
ATTN:  C.  Grei finger 
ATTN:  R.  Turco 
ATTN:  H.  Ory 
ATTN:  W.  Wright 
ATTN:  M.  Gantsweg 
ATTN:  W.  karzas 
ATTN:  F.  Gilmore 

RXD  Associates 

ATTN  :  S  .  Toon 

Rand  Corp 

ATTN:  E.  Bedro*ian 
ATTN:  C.  Crain 

Riverside  Research  Institute 
ATTN;  V.  Trapani 

Rockwell  International  Corp 
ATTN:  R.  Buckner 

Rockwell  Internat ional  Corp 
ATTN:  S.  ouilici 

bant  a  Ft*  Corp 

ATTN:  D.  Paolu-  ci 

Science  Applications,  Ini. 


ATTN: 

L 

L in son 

ATTN: 

C. 

Smi  th 

ATTN: 

I  . 

.rrai  er 

ATTN  : 

D. 

Hainl  in 
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jcience  Appl  j.  at  ions  ,  Inc 
ATTN:  J.  Cockayne 


SRI  Internat ional 


ATTN 

G. 

Price 

ATTN 

R  . 

Tsunoda 

ATTN 

J  . 

V  ickre  / 

ATTN 

U  . 

Chesnut 

ATTN 

R . 

Livingston 

ATTN 

D. 

Neil  son 

A 11 N 

J. 

Petr ic  kes 

ATTN 

D. 

Me  Dan  i  el  s 

ATTN 

R. 

Leadabrand 

ATTN 

M . 

Baron 

ATTN 

c . 

R  i  no 

ATTN 

Z . 

Sni  i  t  h 

ATTN 

V. 

Gonzal  e- 

ATTN 

W  . 

.la  ye 

«rr  \ 

A 

Burns 

Stewart  Ra 

Ji  jn 

<•  Lab 

ATTN 

J. 

.1 1  m  m  n 

Syl  van  1a 

tf- 

•  Zr  '.iV 

ATTN 

f' . 

■.  *  >•  i  nho  ♦  f 

S Ivan i a  S 

nrOuP 

ATTN 

.! 

.  one  or-i  i  a 

ATTN 

•  m  1  t  nr.; 

Te<  hnol  ug , 

Inti 

rrjt  lOi'd1 

ATTN 

•s' 

So  jj  i  t 

T  r  i  - 1' .  tin  ,  ! 

ATT-, 

M,,i  n  . 

TRw  i  ».*.  *rs 

S  Dt  f e'i'  » 

AHN 

•  1  r  ni'»T 

A  T  TN 

~ 

Pin*.,,.  *, 

’  ■  ’» 

>n 

A  T  '  *, 


